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The Crystal Structures of Bis(ethylenediamine)nickel (II)
Dibromoargentate (I), [Ni(en),][AgBr,],, and
Bis (ethylenediamine) nickel (II) Diiodoargentate(I),
[Ni(en).][AgL].

ROLF STOMBERG

Department of Inorganic Chemistry, Chalmers Institute of Technology and University of
Géteborg, P.O. Box, S-40220 Géteborg 5, Sweden

The crystal structures of the orange compounds [Ni(en),][AgBr,],
and [Ni(en),][AgI,], have been determined from Fourier calculations
based on three-dimensional X-ray data, collected for [Ni(en),][AgBr,],
with a Nonius integrating camera and for [Ni(en),][Agl,]; with the
Philips automatic single crystal diffractometer, PAILRED. Least
squares refinement of the structures based on all observed reflexions
ytelded R values of 0.074 and 0.062, respectively.

The crystals of the two compounds are isomorphous and are
composed of square planar [Ni(en),]*T ions and chains of [AgBr,],”"
or [Agl;],”~ ions. Silver is distorted tetrahedrally coordinated by
four halogen atoms, the tetrahedra being linked by the sharing of edges
to form [AgX,],” chains which extend in the direction of the shortest
crystallographic axis. Two halogen atoms are sufficiently close to the
nickel atom to permit weak nteraction, the Ni:---Br and Ni---I
distances being 3.36 A and 3.51 A, respectively.

Average bond distances are: Ag—Br 2.72 A, Ag—1 2.87 A, Ni—N
1.92 A, C—N 1.49 A, and C—-C 1.52 A.

The determination of the crystal structures of the orange nickel(II) com-
pounds [Ni(en),][AgBr,], and [Ni(en),][Agl,], was undertaken in order
to investigate the configuration of ligands about nickel and silver. Details
concerning preparation, analysis and determination of cell dimensions have
already been published by Stomberg ! and the following crystal data has also
been given in the previous note.

A reduced cell, transformation matrix {101/010/100}, was used in all
Fourier and least-squares calculations for [Ni(en),][Agl,],.
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STRUCTURES OF NICKEL(II) COMPLEXES 3499

[Ni(en),][AgBr,], [Ni(en),][AgL,],

Space group: C2/m Space group; C2/m

a = 10.2024-0.006 A a = 10.6964-0.010 A

b = 12.7804+0.008 A b = 13.0754-0.017 A

¢ = 6.5754-0.008 A ¢ = 6.87740.007 A

B = 120.084-0.04 A B = 120.24+0.07°

V =1741.8 A3 V = 830.0 A3

Z =2 Z =2
EXPERIMENTAL

X-Ray methods. Weissenberg photographs of the layers hOl—h8! and hkO for
[Ni(en),][AgBr,], were recorded with a Nonius integrating camera using copper radia-
tion. The intensities of the reflexions registered were estimated visually by comparison
with an intensity scale prepared by the rotating sector method. A total of 561 independent
reflexions were measured.

For [Ni(en)y][Agl,]; the intensities of 1576 independent h0l—h14! reflexions were
obtained with the Philips automatic single crystal diffractometer PAILRED using
molybdenum radiation.

Computing methods. Lorentz and polarization corrections and the Patterson summa-
tion for [Ni(en),]J[AgBr;], were performed on a SAAB D21 computer 2?2 while the remainder
of the computational work was performed on an IBM 360/50 computer using the following
programmes: DATAP1,* DATAP2,° DRF,* LALS, and DISTAN.® [Ni(en),][Agl,]s
was corrected for absorption, but extinction and dispersion effects were neglected for
both crystals.

The atomic scattering factors used in the calculation of structure factors were taken
from Volume III of the International Tables for X-Ray Crystallography. 1962.

STRUCTURE DETERMINATION

The dominant Patterson maxima for both [Ni(en),]J[AgBr,], and
[Ni(en),][Agl,], are given in Table 1. The positions and magnitudes of the
interatomic vectors indicated isomorphism, which considerably simplified

Table 1. Patterson peaks.

[Ni(en),][AgBrs]; (Ni(en),][AgL,].

Peak Vector

u v w Pealk w | w Peal

height height

110 0 0 622 [ 0 0 0 999 | origin

2 10.2635 | 0 —0.0178| 166 0.26 0 —0.02| 250 | Ag—X,
3 | 0.0071 { 0.1644 | 0.2778] 160 0 0.16 0.28 230 Ag—X,
4 102483 |0 0.4272 157 0.26 0 0.42 240 Ag—X,
5 (0 0 12| 141 | 0 0 1/2 | 100 | Ag—Ag
6 | 0.2567 | 0.1641 | 0.7076] 134 0.26 0.17 0.74 330 X;—X,
7 1/2 10.1539 1/2 106 1/2 0.16 1/2 1756 | Ni—X,
8 10.4940 ;0 0.2234, 100 1/2 0 0.22 160 Ag—Ni
9 | 0.2456 | 0 —0.2079 95 0.24 0 0.80 190 Ni—-X,
10 0.3133| © 64 0 0.34 0 200 | X,—X,
11 | 0.5078 | 0 0.4201 52 0.52 0 0.42 150 X,—X,

Acta Chem. Scand. 23 (1969) No. 10



3500 ROLF STOMBERG

the solving of the Patterson function, the only difference between the two
functions being that due to the different halogen atoms. It is not possible for
the eight halogen atoms to occupy the general 8-fold position of space group
C2/m since none of the dominant peaks with coordinates 2z 0 2z has a corre-
sponding peak at 2x 2y 2z (peaks 5 and 7 do not have correct relative peak
heights, furthermore, they would lead to too short halogen-halogen distances).
The halogen atoms were, therefore, assumed to occupy two 4-fold positions.
The four silver atoms were assumed to occupy one 4-fold position and the two
nickel atoms one of the special 2-fold positions. By taking into account the
expected relative magnitudes of the interatomic vectors it was possible to
identify the various peaks as is shown in Table 1, and thus to deduce the
following preliminary atomic parameters, expressed in fractional coordinates,
for [Ni(en),][AgBr,],:

x Y 2
Ag in 4 0.007 0 0.278
Br, in 4¢g 0 0.160 0
Br, in 41 0.257 0 0.709
Ni in 2d 3 0 3

A structure factor calculation, based on these parameters, gave an R value of
0.17. From the subsequent Fourier summations the positions of the nitrogen
and carbon atoms were obtained. When these were introduced into the structure
factor calculations the R value dropped to 0.14. The same atomic parameters,
transformed to an I-centered cell, were then introduced into the structure
factor calculation for [Ni(en),][Agl,],, an R value of 0.13 being obtained.

Both structures were refined by the least-squares method. In the first
three cycles isotropic temperature factors, positional parameters and an
overall scale factor were refined. In the subsequent cycles the positional
parameters and a scale factor for each layer were refined alternating with the
refinement of positional parameters, anisotropic temperature coefficients and
an overall scale factor. A total of 16 cycles of refinement was performed. Each
reflexion was given the weight w={a+|F | +c|F |*+d|F,*}}, according to
Cruickshank,® with ¢=10.0, ¢=0.012, and d=0.0001 for [Ni(en),][AgBr,l,,
and @=80.0, ¢=0.005, and d=0.0001 for [Ni(en),][AgL,],. In the last cycle
of refinement the maximum shift was less than 1 9, of the estimated standard
deviation for [Ni(en),][AgBr,], and less than 2 9, for [Ni(en),][AgI,],. The final
R values were 0.074 and 0.062, respectively. The correctness of the proposed
crystal structures was further checked by difference electron density calcula-
tions. The heights of the largest peaks in the difference maps were 30 and
15 9,, respectively, of the height of a carbon atom peak.

The atomic parameters obtained in the last cycle are given in Tables
2 and 3 and observed and calculated structure factors in Tables 4 and 5.
Since all computational work was based on C2/m for [Ni(en),][AgBr,], and
I2/m for [Ni(en),][Agl,],, the positional parameters for the latter compound,
transformed to space group C2/m, are given in Table 2a for comparison.
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Table 2a. Atomic coordinates, expressed in fractions of the cell edges, and standard
deviations for [Ni(en),][AgBr,],. Space group C2/m. Z=2. For comparison the values

obtained for [Ni(en),][Agl,],, transformed to space group C2/m, are given in brackets.

Atom Position x4+ o(r) y+o(y) 2+ 0(2)
Ag 47 0.0061 -+0.0002 0 0.2778 +-0.0002
(0.0027) (0) (0.2775)
Br, 4qg 0 0.1608 +0.0002 0
(0) (0.1675) (0)
Br, 44 0.2570 40.0002 0 0.7050 4-0.0003
(0.2597) (0) (0.7066)
Ni 2d ¥ 0 ¥
() (0) (%)
N 8; 0.38654-0.0011 0.1094 +0.0012 0.2826 +0.0016
(0.3874) (0.1069) (0.2939)
C 85 0.415540.0015 0.211140.0014 0.4123 +0.0023
(0.4194) (0.2049) (0.4189)

Table 2b. Anisotropic temperature parameters f;; and their standard deviations. The
expression used 18 exp— (B1:4%+ Baok®+ Baok® -+ Brahle+ Brshl-+ Baskl).

Atom A Bes Bas P12 Bis Bas
Ag 0.0113 0.0103 0.0207 0 0.0176 0
2 2 4 4
Br, 0.0095 0.0096 0.0198 0 0.0150 0
2 3 5 5
Br, 0.0082 0.0098 0.0210 0 0.0142 0
2 3 5 5
Ni 0.0083 0.0097 0.0222 0 0.0123 0
4 5 9 10
N 0.0081 0.0108 0.0186 0.0018 0.0060 —0.0022
12 17 27 18 29 25
C 0.0131 0.0086 0.0291 0.0080 0.0229 0.0062
19 18 37 24 47 36
DESCRIPTION AND DISCUSSION
The structure investigation has confirmed that the crystals of

[Ni(en),][AgBr,], and [Ni(en),|[Agl,], are, as expected, isomorphous and
shown that they contain square planar [Ni(en),]?* ions, and chains of [AgX,],"
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Fig. 1. Projection on (010) of part of the
unit cell.

Table 3a. Atomic coordinates and standard deviations for [Ni(en),][Agl,],. Space group
I12/m. Z=2. In Table 2a these coordinates have been transformed to space group C2/m.

[
Atom Position z+a(x) y+o(y) z4-0(z)
Ag 44 0.2748 +-0.0002 0 —0.0027 +0.0001
I, 4g 0 0.1675 +0.0001 0
1, 47 0.5531 +0.0001 0 0.2597 +-0.0001
Ni 2d 0 0 i
N 85 0.0936 +0.0010 0.1069 4+ 0.0006 0.3875 4+0.0008
C 8j 0.0005 4+0.0014 0.2049 4 0.0006 0.4194 +0.0011

Table 3b. Anisotropic temperature parameters f; and their standard deviations.

Atom B Bas B Ba Bis Bss
Ag 0.0143 0.0058 0.0084 0 . 0.0036 0
2 1 1 2
I, 0.0111 0.0039 0.0066 0 0.0030 0
1 0 1 1
I, 0.0106 0.0042 0.0056 0 0.0020 0
1 0 1 1
Ni 0.0089 0.0021 0.0027 0 0.0030 0
3 1 1 3
N 0.0131 0.0032 0.0059 0.0004 0.0055 0.0020
12 4 7 11 15 8
C 0.0150 0.0026 0.0086 —0.0006 —0.0028 0.0019
15 4 9 13 20 10

Acta Chem. Scand. 23 (1969) No. 10



STRUCTURES OF NICKEL(II) COMPLEXES 3503

Table 4. Observed and calculated structure factors for [Ni(en),][AgBr,];. The columns
are successively [, | F,| and F.

0 0 L 301 L -4 82 80 0 - 1 -2 23 -23 3 32 30 —4 21 21
1 25 -33 6 17 17 -5 146 -162 -1 33 33 -3 59 -6l 2 68 61 -5 6 4
2 100 -9 5 19 -18 -6 36 -3l -2 202 -206 ~ 25 24 1 26 21 6 14 15
3170 186 4 6 -7 42 38 -3 44 62 ~5 - -9 0 116 112 -7 26 30
4 183 185 3153 147 -8 9 -8 -4 53 47 -5 48 =51 -1 T4 69
5 68 ~64 2 41 -e3 -5 80 -713 -7 16 -17 -2 49 54 7 L
6 25 21 1 70 b4 6 2 L -6 128 ~-121 -3 14 e 3 35 39
7 92 73 o 190 183 4 6 -4 -7 29 28 12 4 -4 100 99 2 o -6
-1 212 223 3 19 -17 -2 32 -315 -5 32 29 1 H -9
2 0ot -2 195 =221 2 16 3 9 3 L -3 - 4 -6 - 7 ) 50 47
6 19 12 -3 76 80 1 76 =74 2 46 -5 -4 16 17 -7 16 20 -1 86 73
B 28 30 -4 11 197 o 19 18 1 - -3 -5 50 ~48 -2 70 -64
“ 90 92 -5 - 1 -1 22 -22 0 19 -18 -6 16 =17 4 6 L -3 “0 37
3 43 41 -6 17 =12 -2 43 -39 -1 45 =45 5 24 =25 -4 88 a3
2 59 69 -7 87 81 -3 95  -97 -2 12 -T2 15 L “ 62 66 -5 5 3
1 8 85 -8 264 3t -4 54 53 -3 - “ 6 32 =36 3 67 65 -6 29 =30
o 177 238 -5 2 =21 -4 56 =53 5 i -0 2 33 -29 -1 45 50
-1 32 23 5 1 L -6 72 -67 -5 42 -39 o 89 o1 1 16 1
-2 101 16l 5 - 2 -7 12 -9 -6 44 -4b 3 33 32 o 202 208 9 71 L
-3 41 as 4 51 55 -8 26 28 -7 9 -1l 2135 -135 -1 10 8 1 27 24
-4 128 151 3 38 35 -8 18 -20 1 1% 132 -2 53 -48 0 16 18
-5 34 13 2 773 8 2 L 0 114 107 -3 105 109 -1 - 1
-6 22 20 1 96 98 3 11 13 n o3 oL -1 36 33 -4 132 131 -2 - -1
-7 35 38 o 126 107 2 49 =53 0 - s -2 B4 ~80 -5 46 ~48 -3 51 46
-1 -9 1 45 ~43 -1 8 7 -3 137 145 -6 19 22 -4 6 7
“ L -2 49 =51 [ 91 28 -2 82 -85 -4 8 6 -1 53 62 -5 18 17
5 32 -26 -3 166 164 -1 68 -66 -3 14 -18 -5 21 =26 -6 8 8
“ 96 92 -4 30 25 -2 93 =92 ~4 19 21 -6 15 14 6 6 L -1 16 20
3 97 9% -5 - o -3 20 17 -5 37 -40 -7 29 30 3 13 15
2 40 -38 -6 15 12 -4 64 63 -6 74 =79 2 42 37 1n 7L
1 32 30 -7 58 53 =5 115 -111 -1 24 23 3 5 L 1 9 8 -2 29 -26
0 265 300 -8 - 3 -6 28 -21 5 1 -1 0 72 65 -3 19 16
-1 1 -7 38 36 0 4 L 4 - -1 55 49 -4 45 42
-2 28 =22 7L -8 1 -2 1 160 -153 3 79 77 -2 %5 39 -5 7 6
-3 129 147 3 59 51 2151 -165 2 30 =30 -3 9 9 -6 20 -25
-4 186 206 2z 12 -19 10 2t 3 20 17 1 35 =32 -4 90 93
-5 -1 1 20 -20 1 26 =21 “ 52 50 o 94 89 -5 32 30 008 L
-6 44 44 0 89 82 o 9 -2 5 108 =105 -1 110 113 -6 - 3 1 51 =53
34 97 86 -1 111 102 -1 - 3 6 24 =24 =2 134 =143 -7 21 29 2 89 -89
-8 23 21 =2 112 =111 -2 18 -18 4 20 20 -3 62 63 3 29 30
-3 52 56 -3 62 =53 -4 83 90 8 6 L 4 50 9
6 0 L =4 143 130 -4 43 42 2 4 L -5 8 -5 2 5 -7 5 52 =60
4 31 21 -5 - -1 -5 17 -1s 6 12 -15 -6 53 ~49 1 7 “
3 31 31 -6 7 -65 -6 41 -49 5 30 -31 -1 “1 51 o 95 94 2 8 L
2 71 65 -1 90 86 -7 9 - “ - -6 ~1 - 1 5 6 -9
1 - 4 -8 26 31 3 38 -40 5 5 L -2 13 -12 4 15 16
0 4 84 1z 2 2z 35 -29 4 25 21 -3 64 65 3 28 -24
-1 116 118 9 1 L =2 30 -35 1 116" =119 3 18 17 -4 86 83 2 - -4
-2 49 55 2 12 -15 -3 10 9 0 22 14 2 43 -4l -5 30 -28 1 22 =26
-3 - =12 1 40 40 -4 21 23 -1 53 -58 1 56 53 -6 21 22 [ 22 21
=6 171 167 [} 21 19 -5 54 =55 -2 60  -58 0 56 A9 -7 51 51 -1 26 =23
-5 56 50 -1 - 12 -6 7 -1 -3 107 -115 -1 b -7 -2 18 -15
-6 - “ -2 - 1 -4 4k 39 -2 32 -21 10 6 L -3 28 =26
-1 35 30 -3 60 59 13 v -5 40 =37 =3 86 89 1 B =3 ~4 25 24
-8 88 71 -4 13 10 6 8L -80 -6 52 =50 -4 8 -4 [ 23 23 -5 14 =16
-5 23 24 s 55 =53 -1 15 -13 -5 15 1 -1 32 33 -6 10 -13
8 0 L -6 - 6 4 24 24 -6 13 -2 -2 23 20
3 o7 42 -7 30 30 3 7 -37 4 4 L -7 28 29 -3 9 -10 4 [8
2 21 =17 -8 7 11 2 212 =278 5 75 =66 -8 - 2 -4 58 62 4 15 23
1 - -1 1 s 10 4 33 34 -5 26 28 3 10 15
0 168 155 n o1 0 40 24 3 21 26 75 L -6 6 -1 2 49 -48
-1 18 17 o 29 32 -1 192 =221 2 128 =130 3 52 53 1 40 =38
-2 48 -46 -1 49 52 -2 174 =197 1105 =99 2 17 -18 12 6 L 0 9% 90
-3 105 111 -2 55 =55 -3 50 56 0 169 165 i 40 -36 -3 27 27 -1 53 -48
-4 139 142 -3 18 18 -4 74 -8 -1 10 -117 0 64 52 -4 43 41 -2 80 -70
-5 59 -52 -4 79 78 -5 88 -83 -2 186 =190 -1 81 77 -3 31 28
-5 35 32 -5 - 0 -6 36 -39 -3 31 20 -2 98 -96 17 L -4 46 62
-7 89 79 -6 42 =47 -7 7 7 -4 91 85 -3 18 18 3 18 -20 -5 66 -62
-8 33 32 -1 62 58 -5 153 =148 -4 102 191 5 10 10 -6 9 -8
303 L -6 36 ~35 -5 - -3 4 61 63
10 0 L 0 2t 6 15 -16 -7 37 33 -6 7 -e7 3 a6 47 6 B L
1 - -2 1109 -134 5 53 =50 -8 - -12 -7 59 b4 2 64 66 1 4 -3
0 43 42 2 209 =230 4 58 =54 -8 18 23 1 96 95 2 9 5
-1 45 43 3 63 48 3 47 45 6 4 L 0 84 105 i 29 29
-2 24 24 4 91 89 2 168 =145 4 - 1 9 5 L -1 14 ~14 0 10 8
-3 - 2 5 135 -132 1 142 =139 3 24 -23 1 26 21 -2 9 ~8 -1 - 2
-4 85 87 6 18 -17 0 10 -4 2 12 -16 0 20 19 -3 1C4 103 -2 9 -9
-5 “2 39 7 29 29 -1 - 5 1 57 -52 -1 - =2 -4 18 16 -3 S1 ~44
-6 - -7 -2 263 -286 o - -3 -2 12 -1 -5 - 3 -4 33 32
-7 32 29 2 2t -3 60 -59 -1 33 32 -3 45 41 -6 8 11 -5 ~ -4
6 4 =17 -4 49 45 -2 55 =51 -4 13 10 -6 26 -28
12 0t 5 35 -32 -5 84 -84 -3 8L -8l -5 - 2 37 -7 4 -3
-1 - -3 4 28 26 -6 121 -119 -4 43 38 -6 3 -2 5 - -4
-2 - 0 3 56 -61 -1 29 29 -5 45 =45 -1 26 25 4 - 5 8 L
-3 52 44 2 28 -22 -8 - -9 -6 53 =52 3 85 87 2 1 =24
-4 54 52 1 90  -91 -1 16 ~16 L 2 1 -20 1 16 -18
-5 20 -17 0 19 21 5 3 L -8 18 18 30 1 16 -9 o 48 46
-6 8 21 -1 44 =51 4 3 -43 [ 9 90 -1 21 -24
-2 82 -8l 3 23 =25 8 6 L 14 -1 16 102 -2 42 -43
1L -3 el -T2 2 133 -127 2 39 -4 51 -2 85 -74 -3 15 14
32 -33 -4 41 40 1 5 1 31 -36 -1 -3 42 39 -4 38 37
- 4 -5 45 ~42 0 4l =62 [ 58 ST =32 -4 111 103 -5 50 -5l
105 104 -6 40 -38 -1 105 =93 -1 60 =60 -5 6 5 -6 9 -10
75 59 -7 16 -13 ~2 148 -l44 -2 85 -88 o 6 L -6 32 =34 -7 17 21
132 -129 -3 8 10 -3 19 15 1 11 3 -1 42 50
160 176 4 2 L -6 69 -T2 -4 38 33 2 31 =37 10 8 L
- 150 H 65  ~65 ~5 82 -16 ~5 103 -101 3 105 100 s 7 L -1 - 5
- 14 4 49 45 -6 55  -49 -6 20 -21 4 113109 4 29 32 -2 17 -9
48 -53 3 34 20 -7 8 -8 -7 19 18 5 36 -37 3 23 24 -3 23 =24
162 175 2 119 -113 -8 36 =31 -8 10 -11 6 17 19 2 33 =35 ~4 20 23
26 21 1113 -110 1 71 66 -5 - -5
- -2 o 189 199 7 3 L 10 & L 2 6 L 0 56 41 -6 17 -21
19 17 -1 15 =122 3 26 27 29 -33 6 14 15 -1 16 14
40 19 -2 194 -199 2 60 -b61 8 -8 S 13 12 -2 1 -i0
-3 57 56 y 95  -88 -1 - 5 “ 52 53 -3 92 81

Acta Chem. Scand. 23 (1969) No. 10



3504

Table 5. Observed and calculated structure factors for [Ni(en),][Agl,],. The
successively h, | F | and F_.

ROLF STOMBERG

columns are

~21
-21

160

(3%
-45
=23
-17

coos

LR RUR.

-1
-1
-5

-9
=11

-228

167 -180 K15 2 -8 93 95
206 =194 T 20 -15 -6 e 78
&1 =57 5 29 -31
68 64 3 - -3
35«36 1 - o
- 2 -1 - n -4 151 155
45 -45 -3 - 16 -2 29 -25
- -3 -5 - -7 0 182 146
-7 19 -1t 2 - =33
o3 4 165 154
21 -24 H 14 2 6 91 86
69 -65 -8 22 12 8 101 95
193 -193 -6 20 =T 10 50 49
176 -173 -4 - 2
331 =399 -2 b4 ~65 H 5 2
50 -44 o 26 =21 9 20 -23
213 =229 2 69 -89 T 40 33
41 40 4 - 3 5 - 10
54 ~56 6 - 2 30176 166
19 =21 8 19 18 1229 a7
35 37 -1 268 258
K32 -3 234 248
W21 7 - 1 -5 36 33
- 7 5 - 4 =T 43 44
81 -61 3 61 60 -9 31 31
52 =54 1 82 78 ~11 - 9
203 -224 -1 93 83
138 -153 -3 83 es H 4 2
186 -199 -5 - 15 | -10 19 22
82 =17 -1 15 -8 33 34
80 78 -9 21 -13 -6 21 =25
23 -18 -4 26 22
40 40 W12 2 -2 221 -241
49 ~45 -8 5S4 54 0 59 -55
2o -1s -6 40 45 o285 =255
-4 73 72 4 30 26
K11 -2 - -9 6 - -3
- 12 0 63 59 B 43 47
- 5 2 - -5 10 29 19
86 -82 4« 8317
23 -15 6 48 48 H 3 2
212 -248 8 52 52 9 B4 -80
- =2 7 54 -53
219 245 M2 5 138 -133
63 65 9 - -1 3 -10
48 46 7 20 16 1 10 -12
18 [ 5 - 12 -1 14 9
3 102 99 -3 “1 45
H o0 1 1ot 122 -5 115 -124
32 36 -1 126 121 -1 41 =50
- =12 -3 106 111 -9 92 =93
31 34 -5 20 19 -1L 30 -24
79 ~82 -7 20 29
54 53 -9 - -1 H oz 2
93 110 -10 28 23
216 254 W10 2 -8 36 39
115 118 [ -10 - 18 -6 35 =32
135 131 -8 30 30 - - -5
- 4 ~6 19 -1 -2 268 ~-329
- oon -4 - -2 0 93 -80
~2 141 ~137 2 239 -2715
H21 2 0 33 -29 4 31 29
2 2 109 -101 6 19 -17
- 2 4 28 25 8 62 40
IS - 4 10 20 17
H20 2 8 24 26
- -2 W12
2L -2 H 9 2 1L - 10
- -3 9 58 -S54 9 3T =34
- -1 7T 42 =40 7 31 28
5 80 =77 5 - 3
3 - 14 3 204 229
1 27 22 1 246 303
H1s 2 -1 - 8 -3 215 244
- I3 -3 - 1 -5 16 20
33 29 -5 69 ~75 -7 52 58
31 36 -7 25 =26 -9 32 =32
3 3 -9 52 -56 -1 - 9
- 2
- 9 H 8 2 h o0 2
-10 - a7 -0 13 72
H 18 -8 30 23 -8 125 128
21 22 -6 22 =20 -6 99 102
24 26 -4 - -12 -4 174 184
- 1 -2 200 =195 -2 90 87
- 2 0 55 -S4 2 -
- ? 2 168 =156 4 212 223
s 32 4 19 16 & 104 99
L] 19 -12 8 113 110
H17 2 8 30 25 10 63 58
- 3 10 - 13
39 38 H1e 3
49 48 H o1 o2 5 21 -1
46 48 9 25 -25
41 42 7 23 K17 3
- 11 s - -1 & 21 11
- 12 3150 136 4 20 32
1 193 173 2 - 10
K16 2 -1 189 180 0 21 26
- =2 -3 168 1M -2 - -6
- 0 -5 16 15 -4 - =5
46 45 -7 28 3s -6 - -18
- -7 -9 28 -21
34 -42 H16 3
- 5 H 6 2 -7 19 8
- 2 | -10 56 57 -5 - -5
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Table 5. Continued.

-3 - 4 -1 75 75 K16 & -8 25 21 2 28 -26 -6 39 41 2 17 7
-1 23 -2 1 16 17 -6 - -1 -6 40 39 [ - -8 36 35 4 25 27
1 39 ~42 3 19 18 -4 18 19 -4 193 198 -2 18 -t | -10 - 6
3 40 -40 5 41 -46 -2 - 9 -2 175 167 -4 25 24 H17 6
s 39 -43 7 29 30 o 38 44 0 349 355 -6 - 1 H 6 5 5 - 7
7 - -l 9 - 3 2 - 1 2 123 17 ~11 - 25 3 22 21
4 - 8 4 139 135 H 16 -9 - -12 1 41 38
H 15 H 5 3 3 22 -17 6 - 5 -7 18 =20 -7 24 22 -1 43 44
6 - 18 10 - -6 8 20 15 =5 42 =45 -5 47 -49 -3 39 46
4 - 5 8 24 26 K15 4 10 - 6 -3 28 °-30 -3 50 48 -5 25 19
2 37 -40 6 42 41 7 - 8 ~1 21 -28 -1 50 47 -1 - 15
o 26 =27 4 180 180 5 25 -20 K 5 & 17 -9 1121 116
-2 e -92 2 46 39 3 29 =21 9 38 34 3 - 6 3 154 155 K16 6
-4 54 =58 o 163 154 1 51 =53 7 s 93 5 - - 5 5 5 -6 - -3
-6 52 =59 -2 168 =147 -1 60 =62 s 33 24 7 61 68 -4 - -5
-8 30 -28 -6 14 -1 -3 33 -38 3 T4 60 H15 5 9 - -1 -2 36 =37
-6 3 -7 -5 31 =37 i 13 -8 6 41 " -38 0 - -1
H 14 3 -8 - -3 -7 - 2 -1 2 =32 4 43 -3 H 5 5 22 -2
12 | -10 - 7 -3 4 47 2 83 -8l 10 - 12 4 - 1
- =10 H 14 4 ~5 -~ -5 0 35 =37 8 - 14 3 - 6
- -2 H 4 3 -8 - -l6 -7 96 97 -2 46 46 6 17 ~37
43 =47 | -11 - -13 -6 23 -23 -9 35 38 -4 - 2 “ - -2 H15 6
62 ~b4 -9 36 =37 -4 17 19 -1 49 a7 -6 18 =11 2 134 ~128 7 26 -8
57 =55 -7 55 50 3 19 -8 - -9 0 78 7L 5 26 =29
54 ~61 -5 23 =24 0 61 40 o4 4 -2 - =2 3 -7
26 =22 -3 31 30 2 ~ -8 -10 30 -30 Hl4 5 -4 158 163 1 < 1
-1 153 -139 4 - 2 -8 42 =39 -9 28 -21 -6 83 66 -1 - 1
H13 3 1197 -187 6 29 =30 ~6 65 -85 -1 30 =26 -8 46 46 -3 - 4
8 - 9 3 148 =-138 e - =15 4 78 76 =5 S4 =60 | -10 - 8 -9 - =22
6 19 17 5 168 ~-l67 - ~ 7 -3 39 -39 -7 - -0
“ 61 66 7 35 40 K13 & o 231 228 -1 42 =43 H 4 5
2 21 17 9 38 -6l 7 39 44 2 49 -4l 1 - =17 | - - -2 H 14
0 40 45 5 17 20 4 28 26 3 - 10 -9 69 ~b4 -8 18 11
-2 51 -52 H 3 3 3 28 21 6 79 -82 5 - =3 -1 52 =53 -6 18- -12
-4 - -14 10 31 -39 L - 1 8 37 ~35 7 - 3 -5 163 ~169 ~4 18 -18
-6 35 =33 8 21 -30 -1 -8 10 21 -23 -3 90 -93 -2 66 =65
-8 - =5 6 51 =55 -3 19 20 H13 5 -1 13 -122 0 18 -2l
“ 52 46 -5 5 H 3 4 8 - 1 1 44 =35 2 31 =39
k12 3 2 114 =167 -7 42 43 9 - -5 6 19 =22 3 49 4“8 4 - 8
=9 - 9 0 56  -44 -9 - 21 7 40 36 4 - =16 5 - -6 6 - 0
-1 57 62 -2 359 =378 5 66 =b4 2 60 =58 7 23 18
-5 51 53 ~4 173 -178 H12 4 3 81 -78 4 - 10 9 40 =36 H13 6
-3 90 93 -6 199 =200 -8 - 18 1 206 =205 -2 - =7 7 4
-1 38 43 -8 81 -80 ~6 23 30 -1 249 =248 -4 564 54 H 3 5 5 = 1
1 20 10 ~10 35 =35 ~4 101 107 ~3 117 =119 -6 20 26 10 - =17 3 39 45
3 - 4 -2 93 95 -9 126 -130 -8 - 16 8 w2 =61 1 70 67
5 0 -24 H 2 3 o 173 171 -1 26 23 6 132 -134 -1 7 70
7 - 15 -9 45 -43 2 M 71 -9 - -14 K12 5 4 136 -137 -3 67 70
-7 44 44 4 76 5 =11 20 19 -9 - -6 2 288 =319 ~5 20 19
Ho1l -5 35 =34 6 17 11 -1 - 7 0 125 =116 -7 28 23
8 - 18 -3 52 53 8 - i H 2 4 -5 21 =30 -2 202 -206 -9 - -5
6 25 24 -1 136 -122 =10 35 =35 -3 18 14 -4 - 15
4 86 87 1 204 =210 H11 4 -8 38 -39 -1 19 20 -6 43 =45 H12 6
2 21 22 3 165 =172 9 24 22 -6 56 =57 1 58 55 -8 25 =21 -8 43 34
0 79 81 5 180 ~-190 1 56 59 -4 91 96 3 13 75 -10 23 =33 -6 33 37
=2 56 =50 7 44 =40 5 34 34 =2 9 -8 5 39 37 -4 52 52
-4 - -7 9 38 -4l 3 46 42 0 264 233 129 32 H 25 -2 - -2
-6 45 44 1 - =5 2 65 44 -11 - 0 0 ss 56
-8 - -1 Ho1 o3 -1 21 22 4 62w W1l s -9 72 -8 2 17 a7
8 33 36 -3 27 28 6 82 -80 8 4 -1 61 -64 4 63 o
H 10 6 4 4 -5 19 14 8 41 -38 6 24 -28 -5 190 =207 6 “0 42
-9 26 =25 4 180 187 -7 59 63 10 30 =27 4 - =11 -3 117 -127 8 39 41
-1 - 19 2 1 2 -9 21 25 2 66 -6l -1 152 ~139
-5 22 =16 -2 134 =136 H 4 0 40 39 1 37 =34 HI11l 6
-3 24 28 -4 - -4 K10 4 9 34 33 -2 ~- =1 3 45 42 7 9
-1 47 =50 -6 101 =100 | -10 25 =22 711110 -T2 T4 5 26 -24 5 - 1
1109 ~102 -8 - -l -8 15 =22 5 55 -6 25 32 7 3 54 53
3 104 ~100 -10 - 8 -6 26 =26 3 85 87 -8 32 21 9 41 -4l 1 86 80
5 107 ~-107 -4 48 48 1 35 -38 ~-10 - 7 -1 95 9%
7 19 =25 0 3 -2 - -2 -3 56 54 H 1 s -3 101 103
9 - =22 -1 27 23 o %9 9 -5 - 13 H10 5 10 - 15 -5 3% 29
-9 - 14 - ~18 =7 122 124 -9 34 =35 8 - 10 -7 29 29
H 9 -7 137 137 4 21 22 -9 3T 39 -1 38 -36 6 58 =60 -9 - =10
8 - -1 =5 113 111 & 37 w62 | <1l 30 48 -5 105 -110 4 - -1s
6 38 -38 -3 251 280 8 24 -24 -3 61 -6 2 142 -144 H1lo &
4 17 9 1 25 20 H 0o 4 -1 53 =53 -2 19 -18 | ~10 - 12
2 114 -107 3 - -7 K 9 & -10 - 5 1 - 2 =4 151 160 -8 - 12
0 38 =30 5 71 13 7 22 22 -8 33 34 3 29 32 -6 55 57 -6 - =18
-z 211 =196 7 38 42 5 35 =34 -6 61 6l 5 -7 -8 S 54 - - -10
-4 118 =115 9 - 8 3 49 =49 =4 245 2065 7 - -10 19 14 -2 102 =101
-6 138 -139 1 144 -139 -2 163 174 9 26 -21 0 40 -37
-8 60 -62 H 4 -1 175 -170 2 125 132 H o s 2 84 83
-10 23 -25 1. - -1 -3 83 -83 4 172 186 H 9 5 -1 32 15 4 - 14
-1 - -18 -5 &1 =72 6 - 3] 8 28 =28 -9* - -7 6 18 5
H B 3 -7 - 18 8 - 14 6 92 =92 -1 32 10 8 23 21
-9 30 -32 H 20 4 -9 - =10 10 - 1 4 94 ~92 -5 T -9
-7 20 23 -4 - 7 2 185 -178 -3 54 56 H 9 6
-5 21 =25 -2 - 2 K B 4 He2t s 0 59  -55 1 173 194 9 31 -35
-3 27 29 0 - 14 ~10 25 =26 0 - - -2 117 -113 3 19t 211 7 32 29
-1 12 =15 20 - -1 -8 21 -2¢ -2 - =19 -4 - -3 5 84 85 s 62 =62
1150 =137 -6 38 -6 -6 3% =33 7 81 80 3 19 =23
3 134 -125 H 19 4 -4 60 60 H20 s -8 - =12 9 - 1 1 - -10
5 131 =134 3 - 1 - - =4 - -+ =16 | -10 20 ~-19 -1 - 6
7 32 -32 1 - =2 0 144 131 1 - -4 H2l 6 ~3 33 34
9 30 =29 -1 - -7 2 21 23 318 2 K 8 5 -1 - 5 ~5 43 <4
-3 - 6 4 32 28 -9 51 -49 -7 ~22
H 7 3 -5 - 8 6 54 =54 H19 5 -7 56 -51 H 20 6 -9 53 =53
10 - -5 8 26 =29 4 - -7 -5 141 =147 -4 - -4
8 24 24 H 18 4 2 20 =15 -3 94 =93 -2 - -18 H 8 &
6 36 33 -6 18 E T 4 o - 7 -1 95  -88 0 - =10 -10 - 15
4 144 139 -4 38 43 9 21 29 =2 - 0 1 22 -~21 2 - =15 -8 17
2 24 22 -2 37 38 7 85 84 -4 - 14 3 28 23 -¢ 26 =20
0 136 128 o 58 59 5 44 40 5 22 -20 H19 6 -4 -9
-2 115 ~104 2 29 32 3 63 62 H1g 5 7 - 2 3 - 12 -2 126 -125
-4 - .12 4 3t 23 1 13 -9 -5 - -l 9 26 =30 1 - 19 0 34 =35
-5 72 oy -1 4« =37 -3 - -1 25 2 98 =94
-8 -9 KT 4 -3 39 41 -1 - 10 H 7 5 -3 24 28 4 28 21
B 23 19 -5 - 9 1 26 24 8 - 4 ~5 - 10 6 - 9
H 6 3 3 25 22 -7 89 90 3 25 27 6 51 -48 8 21 21
-i1 ~ 16 1 - 5 -9 32 33 5 - 13 4 26 =23 H18 &
-9 - 15 -1 - -2 | -1 39 40 2 124 -120 -6 - 18 K 7 6
-7 118 121 -3 - 14 . H17 5 0 56 48 -4 - 24 9 - -14
-5 99 97 -5 - 12 H o6 & 6 - =14 -2 23 -19 -2 - 6 7 - 12
=3 _15) 187 -1 27 28 | -10 - 9 4 -___-10 -4 109 _ 112 [ - 19 5 - 90
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Table 5. Continued.
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@ o

~w o s~

e

B

5
3
1
=1
-3
-5

- 1 -1 23 A1
70 13
64 61 H 15 9
195 187 -6 20 -13
12 108 -4 - 10
139 144 -2 34 36
50 51 o 28 -21
25 28 2 “5 =51
- 7 “ 33 -30
6 28 -25
H 5 8
39 34 H 14 9
23 27 5 - -7
T 7 3 - 5
- -2 1 - 0
18 14 -1 23 -18
48 -44 -3 25 =26
- =2 -5 48 -48
58 53 -7 25 -2¢
41 42
62 58 H13 9
24 18 -8 - 13
-6 - 13
H 4 8 -4 28 26
24 ~24 -2 - -7
41 =50 o - 6
-1 2 34 =34
31 -28 4 22 -1l
106 99 6 -~ -13
- 4
61 65 Hi1z 9
21 -16 7 - 15
22 -19 5 20 20
29 -24 3 41 44
1 41 42
H 3 8 -1 25 22
- 14 -3 - 15
- -12 -5 - -0
- 12 -1 - 1
£ -93 - - -7
81 -87
166 ~i55 H1lo9
106 =103 | ~10 - B
25 =21 -8 -
15 -16 -6 21 24
23 26 -4 44 43
- -2 -2 - -8
0 5
H 2 8 2 44 =45
22 -22 4 - -8
51 =54 6 - -1
- [
30 =29 H10 9
126 7 - 0
20 5 - -3
66 3 - 15
2l 1 - -4
24 -1 37 =35
21 -3 38 -32
-5 61 =65
W18 -7 30 =29
4L 43 -9 34 -34
33 29
69 71 H o9 9
15 -15 -10 20 -16
21 26 -8 - o
- 6 -8 16 =14
49 51 -4 - 22
37 39 -2 80  ~8O
67 61 [ 63 -61
21 24 2 112 -113
4 49 =51
H o 8 6 46 -45
- 8 8 19 -13
- -8
73 76 W8 9
61 64 7 - -2
198 247 5 e - -7
134 142 3 - 16
160 172 1 - s
48 45 -1 46 -45
25 26 -3 46 -43
- 10 -5 83 -84
-7 34 -36
20 9 -9 43 -4l
- -1
hoT 9
H19 9 -10 - 8
- -4 -8 32 28
- =4 -6 32 31
R -4 56 60
-2 21 19
H18 3 0 i6 11
- 17 2 63 -63
- 14 4 - -13
- 3 6 - =22
- 5 8 - 6
- -5
b6 9
W17 9 9 - -4
- 10 1 26 21
22 15 5 30 35
- -4 3 86 84
20 -1 1 8T 83
20 =17 -1 44 43
- -5 -3 34 10
-5 38 -39
H16 9 -7 - 7
- -4 -9 18 -1l
- 4 -11 - 16
- -
~ =15 k 9
22 ~20 | -10 23 13
35 -33 -8 30 34

-6 34
-4 67
~2 16
) 3l
2 74
4 -
6 28
8 -
H o4

9 -
7 18
5 -
3 26

1 -
-1 47
-3 52
-5 116
-7 “5
-9 45
-1 z
H 3

-10 21
-8 18
~6 21
~4 17
-2 120
) 77
2 165
4 75
6 70
8 18
H 2

9 29
7 -
B -

s 28

1 -
-t 33
-3 3
-5 114
-7 45
-9 54
-1 -
Ho1

-0 -
-8 35
-6 41
-4 85
-2 23
0 14
2 89

4 14
6 -
8 18
H o0

9 -
k4 38
5 47
3102

1 86
-3 41
-5 36
-7 17
-9 21
-11 22
H 19

H 18

-4 -
-2 -
0 -
2 -
K7

3 21
1 -
-1 26
-3 23
-5 -
Hle

-6 -
4 -
-2 23
° Z
2 -
4 -
K1s

5 Z
3 -
1 -
-1 -
-3 -
-5 -
-7 -
H 14

-8 -
-6 -
-4 -
-2 30
0 18
2 -
4 -
6 -
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Table 5. Continued.

H 13 10 6 20 -20 -4 - -1 H 311 HoT12 HLL 13 -3 21 21
- -1 -4 19 -15 -6 23 17 8 - -16 5 - 21 4 - -6 1 40 48
3 - 16 -2 93 -93 -8 - -8 6 23 -23 3 20 24 2 - -2z 3 37 40
1 26 29 Q 26 =24 4 - 1 1 - 7 0 - -2 5 - 13
-1 a7 38 2 56 =55 H12 11 2 26 -28 -1 - -3 -2 - -9
-3 41 50 4 29 29 -3 - 9 0 - 3 -3 - -4 3 14 H 15 16
-5 26 20 6 - 13 -1 31 30 -2 88 -87 -5 - -8 -6 - 10 -1 5
-1 25 17 8 - 20 -5 21 12 -4 64 =55 -T2 27 -3 - 7
-9 2 ~e -3 21 21 -6 83 -85S -9 - 15 H 10 13
K 310 -1 - 3 -8 56 =50 -7 36 -22 Ho1e 14
W12 10 9 - =26 L - =% | -10 23 -26 a4 612 -5 48 =33 -4 - -7
-8 - 28 7 24 =26 3 - -5 -8 19 18 -3 - =17 ~2 - =13
-6 19 20 5 53 =52 5 - -6 o211 -6 16 33 -1 - - 0 - [
-4 24 25 30 23 -24 -9 - -4 -4 [H 79 1 - 3
-2 - -5 1 P H o111l -7 - 22 -2 12 66 3 - 3 W12 14
[ 1] 26 -1 10 6 6 3 -5 14 =17 ) 95 90 5 - -7 2 9
- 11 -3 40 39 4 28 25 -3 - -1 z 28 25 ) - 15
4 36 40 -5 26 -28 2 - 13 -1 66 =54 4 26 26 H 913 ~2 - 13
6 25 25 -7 17 s o 33 34 1 3 -1 4 - =29
-9 50 =45 -2 - -7 3 60 -61 H 512 H 56 =55 HOL ta
H 1l 10 -11 22 -16 -4 - -3 5 49 -49 s 21 21 0 29 =32 -3 36 35
7 - 2 -6 2L -2 7 - -8 3 31 31 -2 45 =42 -1 28 25
5 - -1 o210 -8 - 12 1 - 15 -4 - 13 1 22 18
3 30 26 ~10 - 16 Ho111 -1 - -4 -6 - -15
1 45 46 -8 - 12 H 10 11 8 - 2 -3 19 14 H 10 14
-1 52 54 -5 26 -21 -9 - -10 6 - 5 -5 - -1 H 813 2 -1
-3 62 63 -4 28 -28 -7 - 8 4 «8 51 -7 30 30 -7 - =25 0 - -4
-5 19 24 -2 103 -107 -5 18 -1 2 20 19 -9 - 16 -5 48 45 -2 24 =21
-7 28 26 o 23 w22 -3 - -2 0 38 68 -3 - -7 -4 - -5
-9 - -2 2 55 =56 -1 40 -39 -4 - 0 Ho4 12 -1 - -2
4 23 29 1 52 -50 -6 40 -62 -8 - -9 1 - 5 K914
W10 10 o 8 3 37 43 -8 26 -22 -6 - -3 3 - s -3 - 18
-10 - 13 8 - 19 5 35 ~33 | -10 - -6 -4 w2 42 5 - -6 -1 - 4
-8 19 11 7 - -1 -2 22 22 1 - -2
-5 - -1z W1 o0 1L ) 51 51 K713
-4 20 -7 3 - -9 K91t -1l - 15 2z - -5 o - -7 "oE a4
-2 53 ~56 7 - 1 3 - 17 -9 - 12 “ - -4 « - -6 2 - -1
0 - -8 5 - -1 o 1 -7 61 62 6 23 =25 2 21 33 ) - -7
2 25 =23 3 41 44 2 29 =21 -3 31 39 0 - -3 -2 32 -1
4 20 20 1 79 84 0 - -5 -3 66 3] W32 -2 - -2 -4 - -10
° - 8 -3 51 17 -2 56 =55 s 19 ~17 7 - 13 -4 - 24
~5 33 33 -4 42 =43 3 - -9 5 18 -3 -6 28 16 17 14
H 910 B SRS BT -6 60 ~62 5 1717 3 - -1 -5 20 21
7 - =20 -9 - -8 -8 44 =41 7 - 15 1 37 -4 H 613 -3 45 45
5 42 =36 | -q - 6 | -10 -~ =21 9 - 7 -1 3 =70 -9 - -1l -1 38 32
3 - -2 -3 45 -6 -1 - 1 1 21 24
L - 5 H 010 H o811 H 15 12 -5 59 -51 -5 - -le
-1 = 9 =10 53 46 -9 - -12 -3 - =12 =1 - -3 -3 25 18 H 14
-3 22 2) -8 59 58 -7 - 13 -1 2L -7 -9 - -8 -1 - 20 z -~ 1s
-5 19 =22 -6 33 33 -5 - .12 1 38 37 o 21 26
-7 - -5 -4 44 45 -3 - -2 W14 12 o212 3 31 36 -2 - -4
-9 29 =26 o 66 70 -1 41 -6 -4 19 16 -8 - -9 5 - 15 -4 - 14
‘2 22 23 1 59 57 -2 18 12 -5 - -2 -6 - 12
H 810 4 83 87 3 48 -48 0 2 2 -4 34 49 H o513
-0 - 13 6 49 46 5 38 -36 2 20 -t -2 14 12 “ - -7 H 5 14
-8 9 ¢ 25 43 7 - -6 0 43 45 2 38 -40 -5 20 22
-6 18 =20 W13 a2 11 =20 0 - =10 -3 52 b2
-4 27 -24 W19 11 o711 - 13 “ - -5 -2 - -20 -1 42 41
-2 3 =15 0 - 5 8 - 1 - s b - =23 -4 26 28 1 29 33
2 16 -16 -2 - -3 6 - 5 - -3 -5 28 21 3 19 14
2 36 =37 4 41 a2 - 5 Ho112 -8 - 17
4 24 13 K18 11 2 23 20 - -2 7 - 34 H 4 14
& - s =5 - 0 53 51 5 23 31 Ho 413 2 - -D
& = 14 -3 - 11 -2 14 ~14 K12 12 3 37 37 -9 45 =32 0 - -2
-1 - 1 -4 - -3 -6 22 1 - 12 -7 - =25 -2 14 =33
W7 10 N - - -6 20 -30 -4 48 46 -3 - 5 -5 58 =52 -4 20 -7
7 - 1 -8 - =15 -2 “l 38 -5 22 -7 -3 -l -6 - -l4
5 - -8 M7 11 -10 - -4 9 52 48 -7 4l 40 -1 25 22
3 31 30 2 6 2 - i -9 - 19 1 - 2 H o3 14
1 60 58 o - 12 o611 “ - 14 3 - 9 -7 - 1
-1 3 12 -2 - -2 | -1 26 12 o012 5 - -5 -5 - -7
-3 95 91 -4 - -1 -3 - 15 H 1L a2 -10 - 8 -3 20 21
=5 27 29 -6 - -9 -7 58 56 3 26 21 -8 20 25 Ho313 -1 - 6
-7 35 32 -5 30 32 1 - 8 -6 51 47 6 - =27 1 -1
=9 - -8 H 16 11 -3 47 41 -1 - =6 -4 95 97 4 29 =33 3 - -14
-11 - o -7 - 4 -1 - -1 -3 - 6 0 95 106 2 [3 -76
-5 - -5 1 17 -9 =5 - 1 2 32 - 35 0 42 =46 H 214
H 6 10 -3 - -9 3 - -8 -1 - 22 4 30 38 -2 - =62 2 - -16
-10 33 36 -1 22 =20 5 - -1 6 - -1 -4 - -0 0 - -8
-8 o4 44 1 26 =22 7 - 1 H 1012 -6 - -l2 -2 41 =43
-6 29 31 3 - =17 -6 - 3 H 15 13 -8 - -5 -4 17 =15
-4 48 7 o511 -4 28 28 4 - =22 -6 - -1
-2 - =1l H 15 11 [} - - -2 - 12 -2 - -2 o213
9 50 49 3 - -1 6 - 2 0 31 30 -4 - -7 -9 41 =33 H o114
- 12 2 - =12 a 48 47 2 - -4 -7 32 -2 -7 2 27
4 73 70 o - -8 2 22 24 4 - 3 H 14 13 -5 61 -59 -5 25 29
6 43 42 -2 26 =33 ] 69 5T -5 - =22 -3 - =21 -3 116 62
8 34 38 -4 21 =28 -2 27 =25 H 9 12 -3 - =13 -1 16 -16 1 27 29
-6 23 -30 -4 - -9 s - 3 -1 - -13 L - 3 3 - 12
H 510 -6 32 -34 3 - -1 1 - -3 3 - 1
9 - -7 H 14 11 -8 - 13 1 26 -2 5 - -6 a4 0 14
4 - 5 - 5 =10 - -3 -1 51 -8 H 13 13 2 - 15
5 - -4 - -0 -3 38 -33 2 - -18 H 1143 0 44 21
3 34 36 - -1 H o411 -5 40 =33 0 - -1 6 - -1z -4 2t 24
1 Tt 28 =23 | -1t - -4 -7 - 3 - - -1y 4 - -10 -6 16 18
-1 et 85 22 =30 -9 - =10 -G - 1 2 35 -43
-3 119 115 26 =25 -7 25 23 H 12 -6 - 9 o - “1
-5 41 41 31 -2l -5 25 -19 -8 19 -5 -4 25 28
-7 38 39 =3 - =11 ~6 - b 412 13 6 - 17
-9 - -1 M3 11 -1 T2 -66 -4 26 27 -7 [ 35 19
-1l - 4 6 - 1 1 71 -58 -2 - 8 -5 -3
“ 22 21 3 55 =55 0 33 3L -3 - 9 Hoo1
H 4 10 2 - 13 5 45 -47 2 - =12 -1 - 13 -9 - -1
-10 - 13 o 24 25 7 - - 4 22 -3 13323 -7 -
-8 - 9 -2 21 -10 6 - -2l 3 30 22 -5 - -2
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Table 6. Bond distances and angles in [Ni(en),][AgBr,], and [Ni(en),]J[AgI,]..

The number in parenthesis after the atom symbol denotes:

(1)
(2)
(3)
(4)

r oy z

£ y l1—z
l—2z y 11—z
z ¥ z

Ag(1)—X,(1)
Ag(1)—X,(1)
Ag(1)— X, (2)
Ni(1)—N(1)
N(1)—C(1)
C(1)—C(3)

X,(1)— Ag(1)— X, (4)
X, (1)—Ag(1)—X,(1)
X,(1)—Ag(1)— X,(2)
J(1)—Ag(1)—X,(2)
X,(1)- - Ni(1)—N(1)
N(1)—Ni(1)—N(3)
Ni(1)—N(1)—~C(1)
N(1)—C(1)—C(3)

e

(5) z g
(6) —it+x -y
(7) -z i—y
(8) i—x -y

Distance (A)
X=Br

2.730+0.002
2.689 4-0.002
2.742 40.002
1.9194+0.013
1.5004+0.022
1.520 +£0.027

Angle (°)
X=Br

97.71 +-0.08
112.92 4-0.05
109.45 4-0.04
113.3040.06

90.4 +0.3

86.4 +0.7
109.5 +0.8
104.9 +0.8

2

z
z

142
1—2

r Yy

l—x g

Distance (A)
X=I

2.895 +0.001
2.845 4-0.002
2.863 1+ 0.002
1.922 4+ 0.007
1.484 +0.011
1.5104:0.020

Angle (°)
X=I

98.29 4-0.05
111.56 +-0.03
109.91 4-0.04
114.46 +0.05

90.9 +0.2

86.7 +0.4
109.0 +0.5
105.8 +0.6

Table 7. Interatomic distances other than bond distances. Distances less than 4.5 A are

included. Symbols are explained in Table 6.

Ag(l)—Ag(2)
Ag(l)—Ag(5)
Ni(1)—Ag(1)
Ag(1)—N(1)
Ag(1)—N(5)
Ag(1)—C(6)
Ag(1)—-C(7)
X (1) —X,(4)
X,(1)—X,(2)
X,(1)—N(1)
X,(1)—N¢(8)
X(1)—C(1)
X(1)—C(7)
X,(1)—C(8)
X,(1)—Ni(1)
Xa(1)—N(1)
Xy(1)—N(9)
X,(1)—N(10)
Xy(1)—C(1)
Xo(1)—C(7)
Ni(1)—C(1)
N(1)—N(4)
N(1)—N(10)
N(1)—N(3)
N(1)—C(4)
C(1)—C(7)

2.99
3.59
4.49
4.11
4.10
4.01
4.10
4.11
4.47
3.48
3.95
3.77
3.88
3.62
3.36
3.88
3.62
3.86
4.09
4.00
2.80
2.80
3.84
2.63
4.16
4.20

3.09
3.79
> 4.50
4.28
4.29
4.18
4.26
4.38
> 4.50
3.67
4.08
3.96
4.00
3.78
3.51
3.97
3.82
4.02
4.17
4.20
2.78
2.80
3.84
2.64
4.14
4.45
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ions extending parallel to the shortest crystallographic axis. Bond distances
and angles are given in Table 6 and interatomic distances less than 4.5 A
other than bond distances in Table 7. Fig. 1 shows the projection on (010)
of part of the unit cell.

There is good agreement between corresponding bond distances and
angles in the two compounds, the differences in the lengths of the Ni—N,
N—C, and C—C bonds being only 40, ¢, and 4o, respectively. The N—C and
C—C bond distances do not differ significantly from the normal single bond
values.

Distorted AgX, tetrahedra are linked by the sharing of edges to form
[AgX,],~ ions. Corresponding angles in the [AgBr,],* and [Agl,],” ions,
though significantly different, do not differ by more than 1.4°. Only one angle
in the AgX, unit has the tetrahedral value, while one, being approximately
98°, differs by as much as 12°.

The Ag—Br and Ag—I bond distances have normal values. The average
Ag—1 distance in [Ni(en),][AgL,], is 2.87 A (2.845—2.895 A), while, e.g.,
2.81 A has been found in Agl,” 2.85 A in the Ag,I,> and Agl,” ions, and
2.78 A in the [Agl,],?"~ ion, the latter being built up from linked tetrahedra.®

The configuration about the nickel atom can be described as being square
planar, though there are two halogen atoms, trans to each other, in octahedral
positions, the Ni---X direction being almost perpendicular to the NiN, plane.
It is possible that there is weak interaction between these halogen atoms and
the nickel atom, since the Ni---Br and Ni-- I distances, 3.36 A and 3.51 A,
respectively, although about 0.7 A longer than the normal single bond values,
found in octahedral nickel complexes, % are considerably shorter than the
closest contact distances of about 4 A found in typical square planar nickel
complexes.}?,13 The ligand field exerted by the halogen atoms is, of course,
not strong enough to raise the energy of the d.. orbital sufficiently to make the
promotion of one d. electron to the empty d,:_,. orbital energetically more
favourable than spin pairing. [Ni(en),][AgX,], is, therefore, diamagnetic in
contrast to the true octahedral nickel complexes, which are paramagnetic.

The Ni---X interaction seems to be responsible for the opening of the
X,—Ag—X, angle, which is 4—5° greater than the tetrahedral value.

The Ni—N bond distances, 1.92 A in both [Ni(en),][AgBr,], and
[Ni(en),][Agl,],, are significantly shorter than the distances found in octahedral
nickel complexes (see Table 8). They are, however, slightly longer than the
values observed in true square planar nickel complexes (see Table 8), and this
bond weakening may be a consequence of the nickel-halogen interaction.

The nickel atom and the four nitrogen atoms all lie exactly in a plane and
the carbon atoms are displaced 0.38 A from this plane in [Ni(en),][AgBr,],
and 0.36 A in [Ni(en),][AgL,],- The corresponding distance is 0.29 A in
[Ni(en),](NO,),,20 0.3¢ A in [Co(en),CL]CI(HCI)(H,0)* 0.3¢ A in
[Ni(NCS),(en),],)” 0.33 A in  both trans-[CrCly(H,0),en]C138 and
[Cr(0,),(H,0)en](H,0),3¢ and 0.37 A in [(en),Ni(NCS),Ni(en),]I, and
[(en),Ni(NCS),Ni(en),](C10,),.*
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Table §. Ni—N distances in some Ni(II) complexes,

Octahedral complexes: Distance (A) Ref.
Diaquobis(glycinato)nickel(I1I) [Ni(H;0),(C,H,NO,),] 2.09 14
Dichlorotetrakis(pyrazole)-

nickel(IT) [NiCl,(CH,N,),] 2.087—2.097 15
Bis(isoselenocyanato)tetrakis-

(dimethylformamide)nickel(IT) [Ni(NCSe),(HCON(CH,),),] 2.05 16
trans-Bis(isothiocyanato)bis-

(ethylenediamine)nickel(IT) [Ni(NCS8)q(en),] 2.09—-2.15 17
Chloroisothiocyanatobis-

(ethylenediamine)nickel (IT) [NiCI(NCS)(en),]

Bromoisothiocyanatobis- 2.06—2.13 18
(ethylenediamine)nickel (IT) [NiBr(NCS)(en),]

Di-p-isothiocyanato-bis{bis-
(ethylenediamine)nickel(II)}iodide [(en)yNi(NCS),Ni(en),]I,
Di-u-isothiocyanato-bis{bis-

(ethylenediamine)nickel (IT)} 2.04—2.13 19

perchlorate [(en),Ni(NCS8)yNi(en),](ClO,),
Tris(ethylenediamine)nickel(IT)

nitrate [Ni(en);](NOg), 2.12 20
trans-Bis(2,4-pentanedionato)-

dipyridinenickel (IT) [Ni(CH,0,):(py).] 2.112 21

Square planar complexes :

Bis(salicylaldiminato)nickel(IT) [Ni(C,HNO),] 1.84 13
Bis(salicylaldoximato)nickel(IT) [Ni(CgH NO;),] 1.83 22
Etioporphyrinatonickel (IT) [Ni(C3aH, ¢N,)] 1.84 23
Bis(dimethylglyoximato)nickel (IT) [Ni(C,H,N,;O,),] 1.85 * 24
Bis(N-methylsalicylaldiminato)-

nickel(II) [Ni(C;HNO),] 1.90 26
Bis(glyoximato)nickel(IT) [Ni(CyH ;N 30,),] 1.866—1.880 27,28
Bis(dehydroaceticacidmonoimido)-

nickel(II) [Ni(CsH NOy),] 1.825—1.839 29
Bis(o-phenylenediamino)nickel (IT) [Ni(CeH N,)s] 1.823—1.841 30
Bis(pyridine-2-carboxamido)-

nickel(IT) dihydrate [Ni(C,HN,0),](H;0), 1.87—1.92 31

A comparatively large number of nickel complexes with the empirical for-
mula Ni(en),XY have been the subject of structural investigations during the
last ten years.1,17,35-43 According to Porai-Koshits, who, together with his co-
workers, has performed the most extensive investigations of these compounds,
they can be divided into four groups according to their structure and the
nature of the ligands X and Y.# It is obvious that [Ni(en),][AgBr,], and
[Ni(en),][Agl,], belong to the first group, [Ni(en),]X,, since they are diamag-
netic and contain square planar [Ni(en),]2" ions.

After completing the structure determinations the author received a letter
from Lingafelter,® in connection with the author’s note on [Ni(en),][AgX,]s!
to the effect that he was performing structure analyses of the isomorphous

* This value has been obtained by a least-squares refinement % of the data given by Godycki
et al,. who reported the values 1.90 and 1.87 A.

Acta Chem. Scand. 23 (1969) No. 10



STRUCTURES OF NICKEL(II) COMPLEXES 3511

[Ni(en),][AgBr,l,, [Cu(en),][AgBr,], and [Ni(en),][AgBrI],. The preliminary
parameters given by Lingafelter for [Ni(en),][AgBr,], are in good agreement
with those obtained in the present investigation.
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